Introduction
antigens (HLA 栻 ), but they seem to synthesize HLA-G, in contrast to adult MSCs in which HLA 栻 is present and HLA-G is absent [21] .
Overall, fetal MSCs are secreting a slightly different cocktail of cytokine than adult MSCs (Table 1) [22] . Table 1 Markers of BM-MSC, umbilical cord, and Wharton's jelly.
Marker
BM-MSC Umbilical cord Wharton's jelly References HLA-A + + + [68] [69] [70] HLA-B + + + [68, [71] [72] [73] HLA-C + + + [68, 71, 74, 75] HLA-DR --- [69, 70, 74, 76] HLA-G + -+ CD106 VCAM-1 + -/+ + [78, 80, 81, 83] CD166 ALCAM + + + [69, 78, 81] SSEA-1 + -+ [59, 78] Oct-04 + -/+ + [59, 70, 78] Nanog + + + [59, 70, 84] Sox-2 + + + [59, 84] Two methods have been applied for isolation of MSCs including enzymatic digestion and tissue culture (insert method). In order to perform enzymatic digestion, after the membrane and veins have been removed, collagenase and trypsin are routinely utilized to digest the umbilical cord tissue. It has been proposed that trypsin and collagenase might damage the Wharton's jelly, however, this method has increased the outcomes of obtained cells [23] . Meanwhile, enzymatic digestion is unaffordable with a high risk of contamination and takes more time to perform and is not easy to control [24] .
Mechanical digestion of the cord is an essential step before the onset of enzymatic digestion [25, 26] . The common point of digestion is the use of collagenase-containing caseinase, clostripain, and tryptic activities. Type 栺 collagenase is routinely used for the isolation of stromal cells [27] . A combination of collagenase with hyaluronidase is critically important because it facilitates the outcomes of matrix digestion and shortens the time required for isolation process [26] .
Different independent groups have reported their successful isolated MSCs from umbilical cord using culture method [28, 29] .
Explant of tissue fragments is one of the most primitive techniques in cell isolation and propagation in vitro. This approach affects the quantity and quality of the isolated cells, but the tissue size should be small enough for freely gases and nutrients diffusion [30] . The primary explanted culture success rate is directly dependent on the migratory ability of the cell type [31] .
MSCs derived from bone marrow
The first source which was claimed to comprise MSCs was bone marrow [32] , and MSCs were obtained from bone marrow by
Friedenstein's team for the first time [33] . They described these cells as a population of cells similar to fibroblast-like colonies with the capacity of differentiating toward multiple mesenchymal lineages and then Caplan et al [34] called these cells as "mesenchymal stem cells". Finally, Horwitz et al [35] recently referred these cells as "multipotent mesenchymal stromal cells".
The procedure of sampling from bone marrow is an annoying and invasive procedure [36] , and along with aging and adolescence, the bone marrow-MSCs (BM-MSCs) numbered creases [20] . Meanwhile, this should be always considered in mind that the risk of viral contamination during the isolation of MSCs from bone marrow is still present [37] . Due to all of these reasons, the application of bone marrow in cell therapy procedures as a great source of MSCs has been limited. Therefore, the applications of other sources which have [40] . Also, they do not induce proliferation of T-lymphocyte in vitro and some reports have shown that they prevent the T-cell responses to mitogenic and antigenic stimuli. They don't have the capacity to stimulate B cells and are resistant to lysis which has been mediated by thenatural killer cell [41, 42] . Di Nicola et al [6] indicated that transforming growth factor-毬 and hepatocyte growth factor block T-cell expansion in mixed lymphocyte reaction and T-lymphocytes are suppressed by BM-MSCs, and they couldn't enter apoptosis.
Johnson et al [43] reported that there is some evidence showing that oocyte might generate from bone marrow in adult mammalian ovaries. Their results revealed that bone marrow is a considerable origin of germ cells which lead to the continuation of oocyte production during adulthood. Moreover, Bukovsky et al [44, 45] observed that new oocytes might be originated from ovarian cortical mesenchymal cells. Nayernia et al [46] [47] [48] [49] [50] 
MSCs derived from umbilical cord
The umbilical cord has been located between fetus and mother during pregnancy and which is contained a mucous connective tissue, known as Wharton's jelly, between the amniotic epithelium and the umbilical vessels [53] . Human umbilical cord is a tissue which consists of at least six distinctive zones including from outside to innerside: 1) surface epithelium; 2) sub-amniotic stroma; 3) clefts; 4) intervascular stroma also known as Wharton's jelly; 5) perivascular stroma; and 6) vessels (Figure 1 ) [24] . MSCs have been collected from several parts of the umbilical cord including umbilicalcord blood, umbilical vein sub-endothelium, and the Wharton's jelly [24] .
MSCs, which are derived from the human umbilical cord (hUCMSCs), share many traits with BM-MSCs, for instance, they have low expression capacity for HLA major histocompatibility complex class 栺 , self-renewal ability and the capacity to be differentiated into various cell lineages [24] , however, they don't have the capacity for expression of CD31, CD45, HLA major histocompatibility complex class栺 (Table 1 ) [54] . They also can be frozen/thawed and extensively expanded in culture [39] . Carlin et al [55] was the first one who reported the expression of Oct-4, Sox-2, and Nanog markers (some of the 
MSCs derived from Wharton's jelly
The primary role of Wharton's jelly is the suppression of compression and torsion and then support of bidirectional blood flow between fetal and maternal circulation and also help the function of adventitia [23, 58] . Wharton's jelly is a potential source to be applied in clinical applications due to their lower risk of viral contamination. [60] . In vitro studies showed that BMP4 induces differentiation of BM-MSCs into primordial germ cells [60] . Moreover, Ohta et al [61] have claimed that fetal male germ cells have the machinery to respond RA signals and be differentiated into germ line cells. Appling co-culture system is another safe approach for inducing differentiation of stem cells into specific cell lineage and using them for clinical trial purposes [62] .
Deferent studies revealed that WJ-MSCs have the innate capacity, due to an enhanced proliferation potential and a higher rate of colony formation, to be used as an allogeneic cell therapy for diseases treatment [63] . Tamura et al [64] indicated that these cells Asgari et al [66] indicated that human WJ-MSCs have the gene expression profile as same as primitive genes in oocyte developmentafter co-culture with placental cells. They reported that supplemented placental cell with transforming growth factor-α毩 and 毬 and basic fibroblast growth factor in a co-culture systemis an optimal condition which stimulates hUMSCs to be differentiated toward primordial germ cells and expresses oocyte-like genes. Amidi et al [67] reported that in a co-culture system between WJ-MSCs and placenta cells, differentiation potential of MSCs toward male germlike cell improved when RA and BMP4 were present.
MSCs derived from adipose tissue
Just like bone marrow, adipose tissue has been originated from the mesenchyme and this great source of MSCs has a stroma which can be easily isolated [85] . Adipose tissue is another useful source of multipotent MSCs which called adipose tissue-derived stromal cells (ADSCs). In order to isolate ADSCs, after vigorous digestion and following multiple centrifugation steps, the stromal vascular are isolated [86] . Zuk et al [87] reported that ADSCs are similar to BMMSCs in both differentiation capacities and gene expression [87] .
They also reported that ADSCs expression levels of CD49d, CD34, and CD54 are high; however, the expression of CD106 is much higher in BM-MSCs.
Conclusion
Wharton's jelly, umbilical cord, and bone marrow are rich sources Therefore, clinical application of Wharton's jelly has been kept in mind as a promising source for regenerative medicine.
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